ABSTRACT. The study focused on the molecular docking of GC-MS isolated compounds from the Sargassum wightii against inflammatory marker Cycloxigenase-2 (COX2). Seven compounds isolated by GC-MS were tested for their anti-inflammatory action using insilico analysis. The crystal structure obtained from the protein data bank was docked against seven compounds and the glide score as well as glide energy were determined using Schrödinger Maestro software (version 2013.1). The results of molecular docking showed that out of the seven bioactive compounds tested, methyl salicylate, benzoic acid, 2-hydroxy-,ethyl ester, diethyl phthalate, hexadecanoic acid, ethyl ester and (E) -9-octadecenoic acid ethyl ester were effectively inhibited the COX2 protein. The ADME properties of the compounds analyzed using Qikprop version 3.6 software of Schrodinger suite and the results showed that all the compounds were biologically active and the scores were within the acceptable range. This study revealed that the possibility of using these compounds against COX2 to treat inflammation.
INTRODUCTION
Inflammation is the tissue reaction against infectious agents like microbes, irritants or any other foreign substances. It is a part of the host defense mechanisms that is known to be involved in the inflammatory reactions associated with the release of histamine, bradykinin and prostaglandins. Clinically inflammation, reported by Cornelius Celsus of Rome 2000 years ago, is rubor (redness) or calor (heat) and /or dolar (pain) at the affected region [1] because of a complex biological response of vascular tissues to harmful stimuli including pathogens, irritants or damaged cells [2] .
Cyclooxygenases (COX) or prostaglandin endoperoxide synthases (PGHS) are the key enzymes in the synthesis of prostaglandins, the main mediators of inflammation, pain and increased body temperature (hyperpyrexia). In human two main isoforms of COX proteins, namely Cyclooxygenases -1 (COX1) and Cyclooxygenases-2 (COX2) [3] are found. The COX1 is responsible for formation of important biological mediators like prostanoids which includes prostaglandins, prostacyclin and thromboxane and is involved in protecting the stomach, whereas COX2 is involved in the inflammation associate with pain as well as it plays a major role in prostaglandin biosynthesis by inflammatory cells and central nervous system. Many NSAIDs inhibit both COX1 and COX2 enzymes and reduces inflammation, damaging the lining of the stomach leading to gastric problems like stomach upset, ulceration and blood bleeding from the stomach and intestine. Antagonizing specific COX2 enzyme is an attractive therapeutic target to develop potent anti-inflammatory drugs [4] .
Although several natural products have been shown to modulate COX2 expression but the results are not clear whether these drugs directly interact with the gene product or modulate transcription factors. Computational chemistry offers the possibility to explore these interactions through protein-ligand docking procedures. Docking methods are valuable tools for drug development and most current approaches assume a rigid receptor structure to allow docking of large numbers of possible ligands and putative binding sites on a receptor molecule [5] .
The aggregates of small plants, animals and organisms that float or drift in great numbers in saline water are the important ocean's food chain. Among the boundaries of the marine, there are much bigger organism is called as seaweeds. Seaweeds are the collection of algae that will occupy the sea or back water and have the capability of absorbing sunlight to synthesis the carbohydrate using water and carbon dioxide [6] . In the marine ecosystem seaweeds are one of the natural resources for the foods, feed and bioactive compounds such as drugs and diagnostic agents. Until now more than 2,400 natural marine products are being identified from the different seaweeds of subtropical and tropical countries and are used as food, fodder, fertilizer and medicine [7, 8, and 9] . Sea weeds are used as an ingredient in the food preparations of Korean, Japanese and Chinese. Antiviral, antifungal, antibacterial, anti-oxidant, anti-inflammatory, hypercholesterolemia and hypolipidemic and antineoplastic [10] agents are the important bioactive agents isolated from the sea weeds. The Europeans and Americans also use sea weeds as additives in food preparations [11] . Currently the usage of sea weeds in the form of salads and soups are becoming common among Asians since they are low-calorie foods [12] .
The marine algae "Sargassum wigitti" found abundantly in shorelines of many parts of Asia. In India it is widely distributed in the southern coasts of Tamilnadu. Sargassum wigitti possess sulphated polysaccharides, which is responsible for mosquito repellent and larva control activity. The alginic acid from Sargassum wightii has been explored for possible anti-inflammatory effects [13] .
In the present study the authors made a deputed attempt to predict the compounds of Sargassum wightii using GCMS analysis and generated the three-dimensional (3D) structure of COX2 from protein data bank. The model validated with standard parameters. Docking methodologies were used to test the binding ability of predicted compounds of Sargassum wighti to COX2. Ligands known to bind with COX2 were submitted to docking protocol GLIDE module (Schrodinger 2013.1) to establish relationships between their biological activity and the predicted binding affinities. This study could play a pivotal role in further functional characterization of the compounds to treat inflammatory disorder.
MATERIALS AND METHODS
Collection and Authentication of Algae. The brown marine algae "Sargassum wightii" belongs to the family "Phaeophyceae" was collected from Bay of Bengal during August, 2014 at Mandabam, Rameswaram region of Tamilnadu, India by handpicking during low tide. The collected sample was identified and authenticated by Dr. K.Sivakumar, Associate Professor, Department of Botany, Annamalai University, Tamilnadu, India. Voucher specimen (No. SW/PB/15) was prepared and preserved in the Department of Botany, Annamalai University for future reference.
Processing of Algae sample. The collected algae sample were thoroughly cleaned manually in the sea water so as to remove the sand particles, epiphytes, pebbles, shells, loosely attached microorganisms and animal waste. The seaweeds packed in plastic bags to prevent evaporation and brought to the laboratory. The algal sample washed further with plenty of tap water followed by distilled water twice to remove the attached salts. The water was drained off and dried by spread over the blotting paper followed by further drying under the shade for two days and then washing with sterile distilled water to remove the remaining salt on the surface of the algae. This is process avoid pumping of the solvent during the extraction process. The algal samples were shade dried at room temperature for a period of one week and powered using electrical mixture grinder to get the particles of 40 meshes. The powder sample was packed in air tight plastic bags and stored in refrigerator until use.
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Preparation of Extract. The bioactive principles of the Sargassum wightii was extracted from 300gm of the powder sample with1000ml of ethanol using soxhlet apparatus for 24 hours at 60 0 C. The extract was concentrated to a semisolid consistency by distillation. The residue of the extract was kept in a wide mouth beaker and kept in room temperature for 8 hrs until the solvent was removed. The crude extract consisted of two layers namely, the upper oil like layer and the lower water soluble layer. The upper layer was separated from the lower layers using separating funnel. The upper layer was used for the present study and lower water soluble layer was discarded.
GC-MS Analysis.
The GC-MS analysis of ethanolic extract of Sargassum wightii carried out using the GC Clarus 500 Perkin Elmer coupled with Elite-5MS (5% Diphenyl / 95% Dimethyl poly siloxane), 30 x 0.25mm x 0.25m df column. Helium was used as a carrier gas at flow rate of 1.0 ml/min, Split 10:1. The injector was operated at 250°C and the oven temperature was programmed at 200°C at the rate of 
MOLECULAR DOCKING
It is a technique by which two molecules fit together in a 3D work space and also as a solution in structural biology and computer-aided drug design [15] . In this study, the two dimensional structures were drawn by using Chemdraw [16], which is a chemical structure drawing program from Windows. For the molecular docking analysis, the Schrodinger aided drug design software [17] was used.
Preparation of ligand structure. The ligands are freely available and are able to download from the web databases like ZINC [18] and Pubchem [19, 20] , and they provide the knowledge about their biological activities. The small ligand molecule if unable to download, then it can be sketched using tools like Chemdraw or Chemsketch. Here the biological active compounds obtained from the GC-MS analysis were used for the docking studies. The structures of methyl salicylate, benzoic acid, 2-hydroxy-ethyl ester, diethyl phthalate, phytol, hexadecanoic acid-, ethyl ester, nhexadecanoic acid and (E)-9-Octadecenoic acid ethyl ester were drawn using the Chemdraw software. The 2D structure of the compounds were drawn individually and saved in ".mol" format for the easy use.
The seven structures are imported into the project table by opening the project table and the 3D structure of ligand is prepared using the module LigPrep 2.6 (Maestro 9.4, Schrodinger 2013.1). To have sensible bond lengths and bond angles, it must have all hydrogen's (filled valences) to the ligands, all the ligand structures were converted into its 3D structure and were optimized by the default setting using "OPLS 2005" force field. Selected the option known as "Generate all combination" and click "run" for the job to complete [21] . The ligands were converted into its 3D structure using the LigPrep module of Schrodinger maestro was given in Figure.1 International Letters of Chemistry, Physics and Astronomy Vol. 63
Figure.1. The structures of various ligands: (E)-9-Octadecenoic acid ethyl ester (A); Benzoic acid, 2-hydroxy-ethyl ester (B); Diethyl phthalate (C); Hexadecanoic acid (D); ethyl ester (E); Methyl salicylate (F); n-Hexadecanoic acid (G) and Phytol (H).
Protein Preparation. The protein data bank web is a collection of 3D structure of protein with more information about the experimentally established X-ray and NMR biomacromolecules and their complexes with or without ligands [22] . The crystal structure of the protein COX2 with a resolution of 2.40Å was downloaded from the www.PDB website (PDB entry 3LN1) and customized to be biologically active [23] . The protein may contain the heavy atoms, water molecules, cofactors, metal ions and can also be multimeric. So to achieve a biologically active protein, the raw 3D structure should be made to fit and available for docking study. This includes the removal of the water molecules from the cavity, stabilizing charges, generating the side chains and missing hydrogen atoms etc, according to the default limitation available on the module of "protein preparation wizard" (Schrodinger Maestro). Followed by this process the protein was processed to minimize the energy by using the kollman charges (OPLS 2005) . Finally the receptor was made to biologically active and stable [24] . The grid was generated using the module "receptor grid generation". This will be performed if the prepared protein consists of ligand molecules. The ligand was identified by minimizing the protein and selecting the ligand. By using the grid generation the ligand was excluded and click "run" for the job to complete.
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Protein Ligand Docking. The prepared ligands using the "LigPrep" and the COX2 protein using the "protein preparation wizard" were docked using "Ligand docking" tool of Schrodinger maestro. The ligands were set to be flexible and the docking was manually set to the "extra (XP) precision mode". This will be usually the best choice (Grid based Ligand docking) for docking less numbers of ligands in "Ligand docking" module of Schrodinger Maestro (Glide 5.9). The interactions were calculated using the glide score, which was generated by the best fit of the ligand and the receptor. The ligands docked using GLIDE was graded according to their glide scoring function (most negative value). The function of scoring of the GLIDE docking program is shown in the G-Score or the docking score. The Glide score of each ligand is screened against the protein receptor COX2 protein [25] . The docking scores or the glide score (G-score) of the bioactive compounds were recorded and discussed. ADME Properties Prediction. The compounds with highly negative glide scored against COX2 protein were selected for their ADME properties study using QikProp 3.6 module. QikProp helps in determining the pharmacokinetics and pharmacodynamics of the ligand by accessing the drug like properties. The predicted significant ADME (Absorption Distribution, Metabolism, Excretion) properties includes: Molecular weight (MW), H-Bond donor, H-Bond acceptor and log P (O/W) (QikProp 3.6, Schrodinger, 2012) [26] .
RESULTS AND DISCUSSION
The chromatograms of the compounds from Sargassum wightii are shown in Figure. 2 and the results of GC-MS analysis given in Table. 1. 
Figure.2. GC-MS peak level in the chromatogram graph of ethanolic extract of Sargassum Wightii
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The compounds of the ethanol extract of Sargassum wightii were docked with the active amino acid residues of the COX2 protein, which was confirmed by the Glide, score (Maestro 9.4). The docking or in-Silico analysis was used to predict the binding orientation of the ligands to the protein targets in order to predict the affinity and activity of the small molecules.
The docking results of seven bioactive compounds from the ethanolic extract of Sargassum wightii were complexes with the COX2 protein are shown in Table. 2. Out of the seven compounds five compounds namely methyl Salicylate, benzoic acid, 2-hydroxy-ethyl ester, diethyl phthalate, hexadecanoic acid, ethyl ester and (E)-9-Octadecenoic acid ethyl ester were showed better Glide score. The docking or Glide score of the above five compounds are: -6.107, -6.398, -6.255, -6.427, -8.080 respectively and the glide energy were -27.329, -29.615, -27.691, -33.193 and -33.952 kcal/mol respectively. The ligand compounds complexes with the COX2 protein are shown in Figure. 3A-3E. The order of the highest negative glide score and the glide energy indicated that these complexes may have good affinity to COX2 [27] . The 2D ligand interactions with active amino acid site of COX2 are showed in Figure. 
4A-4E
The selected five compounds namely methyl salicylate, benzoic acid, 2-hydroxy-ethyl ester, diethyl phthalate, Hexadecanoic acid, ethyl ester and (E)-9-Octadecenoic acid ethyl ester were evaluated for their ADME properties using QikProp and the limitation of its properties [28] are: (a) not more than 5 hydrogen bond donors, (b) not more than 10 hydrogen bond acceptor, (c) the molecular weight less than 500 Daltons; (d) an octanol-water partition coefficient log P not greater than 5. The QikProp module results showed that the ADME properties of the selected five bioactive compounds were under acceptable range (Table. 3). 
CONCLUSION
Seven bioactive compounds were identified from the ethanolic extract of Sargassum wightii using GC-MS analysis. The molecular docking studies showed that, out of these seven compounds, (E)-9-Octadecenoic acid ethyl ester, hexadecanoic acid, ethyl ester, benzoic acid, 2-hydroxy-, ethyl ester, diethyl phthalate, methyl salicylate showed better interaction with the active amino acid site of COX2 protein. The results of the study further confirmed a successful docking, intermolecular hydrogen bonding and lipophillic interactions with the ligand "COX2" receptor. From the docking results and the Glide score it was observed that five compounds possess good inhibitor activity
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ILCPA Volume 63 against COX2. In addition to these the ADME properties of the five compounds were within the permitted limit. Interesting to note these ligands could be used to develop as a novel COX2 inhibitor for the treatment of inflammation, pain and stomach ulceration.
